ABSTRACT
We have reported a kindred in which 46,XY gonadal dysgenesis was inherited in an X-linked (or autosomal dominant sex-limited) manner and in which affected subjects did not have a large duplication of the short arm of the X-chromosome.
In the present study we used linkage and sequence analyses to test the role of X-linked and various autosomal genes in the etiology of the familial 46,XY partial gonadal dysgenesis. For analysis of X-linkage, 28 microsatellite polymorphisms and 1 restriction fragment length polymorphism were studied. The genotypes of informative family members were determined at each locus, and data were analyzed.
Despite the large number of loci tested, our studies did not establish linkage between the trait and an X-chromosomal locus.
With respect to the study of autosomal genes, linkage analysis using a polymorphism within the 3'-untranslated region of the WTl gene excluded involvement of WT-1 in the etiology of the abnormal gonadal differentiation of the family in this study. Similarly, linkage analysis using four microsatellites on the distal short arm of chromosome 9 was not consistent with linkage. Linkage analysis of a locus close to the SOX9 gene as well as analysis of the coding region of the SOX9 gene suggested that this gene was not associated with the trait in the affected subjects we studied. Our data suggest the role of an autosomal gene in the abnormal gonadal differentiation in the family in the study, but do not formally exclude the role of an X-chromosome gene. (J Clin Endocrinol Metab 81: 4479-4483, 1996) T HE STUDY of subjects with 46,XY complete gonadal dysgenesis has helped to identify the sex-determining region Y gene (SRY) that encodes the testis-determining factor (1, 2). However, mutations in the SRY gene account for a relatively small number of affected subjects (3-5). Some evidence for the role of an X-linked gene in testis determination comes from the study of various kindreds in which 46,XY complete gonadal dysgenesis was inherited as an X-linked or sex-limited autosomal dominant trait and in which there was no apparent duplication of the X-chromosome (6-9). Additional evidence comes from cases of 46,XY complete gonadal dysgenesis that have been associated with duplications of the short arm of the X-chromosome between Xp21.2 and Xp22.1 (10) (11) (12) (13) (14) The pedigree of the kindred with 46,XY partial gonadal dysgenesis is shown in Fig. 1 . Affected subjects include three siblings (111-5, -7, and -9) , the proband (IV-8), and her brother (W-10). Subject IV-10 was born after the initial report of the kindred (23). Subjects II-2 and III-10 are obligate carriers of the trait.
Preparation of genomic DNA Peripheral blood leukocytes were obtained from subjects 11-2, 111-2, III-5 to -11, IV-1 to -8, and IV-10 and from unrelated normal males and females. Tables 1 and 2 . DNA fragments including the tandem repeat sequences were amplified using PCR in the presence of [cu-"'Pldeoxy-CTP. The PCR products were separated on 6% polyacrylamide sequencing gels, which were then exposed to x-ray film. In each case, obligate carriers were screened to determine whether they were heterozygous for the specific locus. Linkage analysis of X-chromosome loci
The results of linkage analysis of 29 polymorphic X-chromosome loci using the program Linkage are presented in Table 3 . Seventeen of these loci had logarithm of the odds (lod) scores less than -2.0, excluding linkage to the trait. Most of the remaining loci also had negative lod scores, with the exception of DSX7 and MAOA, which were closely linked to each other. Calculation of the lod scores for these loci did not include the genotypes of subjects IV-8 and IV-IO, who were noninformative at these loci. When two closely linked flanking markers, DXS993 and MAOB, were analyzed, lod scores were no longer positive, although they were not sufficiently negative for exclusion.
Linkage analysis of autosomal loci
Analysis of four polymorphic loci located on distal chromosome 9p excluded linkage between the trait and D9S129 and D9S144. In addition, negative lod scores were calculated for the remaining two loci (Table 4) . Analysis of polymorphic loci in the WTl gene and at D17S949 excluded linkage between these loci and the partial gonadal dysgenesis of this kindred (Table 4) . SSCP analysis of the SOX9 gene of subject III-7 was normal.
Discussion
In the present study, we considered possible causes of the 46,XY partial gonadal dysgenesis in the family that we previously reported (23). In this study, we investigated the possibility of a small duplication of the X-chromosome by searching for heterozygosity of six microsatellite polymor- phisms near the DSS locus. The polymorphism defined by the HMG 122/123 locus is, in fact, located within the DSS locus (Camerino, G., personal communication). Two other loci (DXS989 and DXS319) are located within a region approximately 5 centimorgans telomeric to DSS, and the three additional loci are located within a region 12 centimorgans in length on the centromeric side of the DSS locus (56). We were unable to find evidence of microduplication in the DSS locus, but our studies do not completely exclude it. We subsequently investigated the possibility that the abnormality in the family that we studied was related to another X-linked gene. We performed an extensive analysis of 29 polymorphic loci distributed along the X-chromosome at 5-to 15-centimorgan intervals. These loci were selected because of their high rates of heterozygosity in the general population.
Considering the number of informative meioses within the pedigree, we could expect a maximum lod score of 2.7, which in itself would have been sufficient to establish linkage for an X-linked trait. However, the lod scores obtained suggest that an X-chromosome gene was not responsible.
Several problems may have influenced our study. First, it is possible that a new mutation in an allele at a given Xchromosome locus may have produced an alteration in the number of tandem repeat units, thereby obscuring linkage between that locus and the trait. However, such an event is considered to be rare (57). Second, as the number of family members presented here is relatively small, the statistical power of our study is somewhat limited. A single recombination event between a weakly linked locus and the trait would result in a reduction of the lod score from a maximum of 2.7 to a value that would be statistically insignificant. We tried to minimize this possibility by studying loci that were separated by narrow intervals. This problem could be minimized in the future by the combination of this family and several similar families. As no other kindreds with 46,XY partial gonadal dysgenesis have been reported, this is not currently possible.
In subsequent studies, we investigated the role of the WTl gene, the putative sex-determining gene on chromosome 9, and the SOX9 gene. With respect to WTI, we examined a microsatellite polymorphism within the 3'-untranslated region of the WTl gene (55) and demonstrated that this gene was not linked to 46,XY partial gonadal dysgenesis in the family under study. We examined four loci located on the short arm of chromosome 9 from the terminal region of 9p to 9~23. Our data excluded linkage between two of these loci and the trait and suggested that the other two loci were also unlinked. We also studied a polymorphic locus in the same region as the SOX9 gene on chromosome 17q and screened the open reading frame of the SOX9 gene using SSCP analysis. These data suggested that an abnormality of the SOX9 gene was not responsible for the trait in the kindred we studied.
Our studies strongly suggest that the gene responsible for the abnormality in the family we studied is not on the Xchromosome, but they do not formally exclude it. They imply a role of an autosomal gene, but suggest that the affected gene is not WTl, the putative gene on the short arm of chromosome 9, or the SOx9 gene. M 
